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To the Editor:
Address for correspondence and reprints: Prof. Dr. Hans-Ju¨rgen Bandelt, Ma- Readers of the recent paper by Howell et al. (1996)
thematisches Seminar, Universita¨t Hamburg, Bundesstraße 55, D-20146 Ham- might be forgiven for thinking that, after all the contro-burg, Germany.
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0002-9297/97/6104-0029$02.00 tochondrial gene trees (e.g., see Maddison 1991; Tem-
pleton 1993), the ﬁeld was once again in difﬁculties
because of (a) a serious underestimation of the mutation
rate by a factor of almost nine and (b) the resulting
Am. J. Hum. Genet. 61:983, 1997
misdating of past divergences. We believe that such an
interpretation would be unduly pessimistic.
Reply to Bandelt and Forster Conventional approaches have calibrated the muta-
To the Editor: tion rate by reference to the divergence between humans
and chimpanzees. For the phylogenetically informativeIt is well known (and is clearly stated in our article
[Watson et al. 1996]) that patterns in mismatch distribu- ﬁrst hypervariable segment of the control region (HVSI),
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the divergence rate (twice the substitution rate) obtained netic rate (Ward et al. 1991). A timescale of roughly
the past 150,000 years would seem to be reasonableis Ç30%/million years, or 1 transition/10,000 years,
across this segment (Ward et al. 1991). In contrast, for the application of this rate, since this was the range
in which it was calibrated (by use of the transition–Howell et al. (1996) estimated the rate on the basis
of the appearance of two new germ-line control-region transversion ratio in modern human populations).
The status of the pedigree rate is less clear-cut. On themutations in a pedigree of 45 individuals segregating
for Leber hereditary optic neuropathy (caused by a mu- basis of a parsimony analysis (Hasegawa et al. 1993), it
has been estimated thatÇ1/10 positions in HVSI mutatetation at np 14484 in the NADH-dehydrogenase-6
gene). The rate that they obtained by this approach was §3 times the average rate and that several mutate §10
times the rate. Is there any evidence that these sites are260%/million years—that is, almost nine times faster
than the conventional rate. Since this rate is a potentially sufﬁcient to elevate the pedigree rate signiﬁcantly over
the phylogenetic rate in this segment?We observed sevenunbiased estimate of the rate of appearance of muta-
tions, it might seem, at face value, that the conventional maternally unrelated individuals who were heteroplas-
mic for HVSI in a British sample of 473 individuals.rate is a massively biased underestimation; however, this
is not the case. Inferring typical ﬁxation times from observations of the
segregation of alleles in heteroplasmic pedigrees, weLeaving aside the issues of potential reporting bias—
since null studies would be unlikely to be published— have estimated a pedigree divergence rate in the range
of 1 transition/2,000–20,000 years (Bendall et al. 1996).and of whether it is appropriate to extrapolate, to the
general case, from a pedigree segregating for a mutant This is indeed skewed toward a faster rate than the
conventional (phylogenetic) rate of 1/10,000 years, and,mitochondrial phenotype, there is one clear point that
explains the discrepancy. The two new mutations are as we might expect, if we compare this result with the
analysis of fast sites by Hasegawa et al. (1993), we notein the second hypervariable segment (HVSII), which is
already known to have a higher heterogeneity of rates that all seven sites have mutated more often than the
average and that two of them are among the three thatthan is found in HVSI (Aris-Brosou and Excofﬁer
1996); however, it is HVSI that has been used in the mutated most often; those two sites were also shown to
be fast by Wakeley (1993), Forster et al. (1996), andlarge majority of anthropological studies—for exam-
ple, to investigate the colonization of the Americas (e.g., Torroni et al. (1996).
Given that the pedigree rate may be measurably highersee Ward et al. 1991, 1993; Shields et al. 1993; Forster
et al. 1996), the Paciﬁc (e.g., see Melton et al. 1995; than the phylogenetic rate, one would expect a mono-
tonic decline from one to the other as the time depthRedd et al. 1995; Sykes et al. 1995) and Europe (e.g.,
see Bertranpetit et al. 1995; Francalacci et al. 1996; increases. The problem would lie in deciding on the rate
that is appropriate to any particular data set. How canRichards et al. 1996). Howell et al. (1996) detected
no new mutations in HVSI. Moreover, the two HVSII we assess which sequences coalesce hundreds or thou-
sands of years ago, without knowing a priori what thepositions are among the fastest-evolving positions in the
control region, as determined by phylogenetic analysis rate is? In order to test empirically whether the pedigree
rate is more appropriate at evolutionarily recent time(Torroni et al. 1996). Therefore, the extrapolation of
the fast mutation rate to HVSI alone will lead to an depths, we can compare the performance of the pedigree
rate against the conventional phylogenetic rate in theoverestimation. In fact, even considered as an average
rate for HVSI and HVSII, it is likely to be too fast, since case of the settlement of the Cook Islands in central
Polynesia. The settlement of Polynesia is a special case ofit is not guaranteed that the observed heteroplasmy will
resolve in favor of the mutant types in any female. It population expansion, since it is very recent (occurring
Ç1,000–3,000 years ago) and well-dated archaeologi-has been argued (Pa¨a¨bo 1996; von Haeseler et al. 1996)
that fast sites such as these will predominate among cally. Furthermore, it is characterized by the spread of
a particular mtDNA lineage group deﬁned by a 9-bprecent coalescences and be underestimated in more an-
cient ones, so that the faster rate (which they call the deletion and a distinctive control-region-sequence motif.
This lineage group must have arisen prior to the settle-‘‘pedigree’’ rate) may be more appropriate to a time-
scale of hundreds or thousands of years, whereas the ment of Polynesia, since it is ubiquitous throughout the
region, and indeed phylogeographic analysis of lineagesslower rate (which they call the ‘‘phylogenetic’’ rate)
may be suitable for a timescale of hundreds of thou- from Southeast Asia conﬁrm this (Melton et al. 1995;
Redd et al. 1995; Sykes et al. 1995). Applying the con-sands or millions of years. With respect to the phyloge-
netic rate, a timescale of millions of years is unrealistic, ventional mutation rate to data from the Cook Islands
(Sykes et al. 1995) yields a coalescence time of 1,100since many positions in the control region would have
been saturated with transitions over this timescale— { 800 years ago—in agreement with the archaeological
dates of 900–1,300 years ago for the ﬁrst settlementswhich is the reason why transversional, rather than
transitional, divergence is used to estimate the phyloge- (Bellwood 1978). Applying Howell et al.’s pedigree rate
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Table 1
Comparison of Archaeological Dates for Onset of Farming, in Four Populations, with mtDNA Dates Derived from Pedigree Rate
Archaeological Date
for Onset of Farming t Derived from Farming Central 95% of Simulated
Population (Sample Size) Rogers’s Estimator of ta (years ago) Date and Pedigree Rate t Valuesb
European (753)c 2.60 Ç8,000g 5.76 5.2–8.0
Havik Indian (46)d 4.22 Ç4,000h 2.88 2.0–5.4
Japanese (61)e 4.93 Ç2,400i 1.73 1.1–4.0
Somali (27)f 6.47 Ç4,500j 3.24 2.3–6.0
a From Rogers (1995)
b From a model of sudden expansion (Rogers and Harpending 1992), with t determined from the date of the archaeological appearance of
farming and the pedigree rate and with the mutation-drift parameters, before and after the expansion, being 1.8 and 1,800, respectively, a
coalescent algorithm was used to generate 1,000 data sets/population, for each of which Rogers’s (1995) estimator of t was evaluated. The
range of t’s quoted is that between the 2.5%-ile and the 97.5%-ile. The mutation-drift parameter before expansion was chosen small enough
so that the majority of generated data sets had a unimodal pairwise distribution as required by the hypothesis of Pa¨a¨bo (1996), even though
this may imply an implausibly small preexpansion population size.
c SOURCE.—Richards et al. (1996).
d SOURCE.—Mountain et al. (1995).
e SOURCE.—Horai and Hayasaka (1990).
f SOURCE.—Watson et al. (1996).
g SOURCE.—Whittle (1985).
h SOURCE.—Meadow (1996).
i SOURCE.—Imamura (1996).
j SOURCE.—Phillipson (1993).
to the same data yields a coalescence time õ150 years the pedigree rate indicates a farming expansion, by simu-
lating many data sets and evaluating the estimator of tago. Such a date could be explained only by very recent
for each, the observed values of t lie outside the centralpopulation bottlenecks, which would be very difﬁcult
95% of simulated values for three of the four popula-to reconcile with the observed uniformity of lineages
tions (table 1); hence the hypothesis must be rejected.across Polynesia. This observation strongly suggests that
On the other hand, we can apply the usual phylogeneticthe phylogenetic rate is appropriate to events at least as
rate to the t values to obtain expansion times. Although,recent as 1,000 years ago.
in the absence of any phylogenetic analysis, this method-This issue is relevant to population expansions elsewhere.
ology is crude, the resulting times seem to ﬁt well withIs it possible that the bell-shaped distributions of pairwise
the notion of a Pleistocene wave of expansion originat-differences between sequences and the starlike phylogenies
ing in Africa 60,000–70,000 ago, which spread into andseen in other parts of the world could have been generated
across Asia and then into Europe. We conclude thatby the onset of food production, within the past 10,000
the conventional phylogenetic rate is adequate for timeyears? This is the suggestion in a recent application (Pa¨a¨bo
depths of §1,000 years and that, contrary to the infer-1996; von Haeseler et al. 1996) of the pedigree rate to
ence of Howell et al. (1996), there is no need for drasticexisting data sets from Europe (Sajantila et al. 1995; Sajan-
revisions of coalescence or expansion times.tila and Pa¨a¨bo 1995), Asia (Mountain et al. 1995), and
Africa (Watson et al. 1996). This suggestion runs counter VINCENT A. MACAULAY,1 MARTIN B. RICHARDS,1
to the prevailing view that the major expansions that left PETER FORSTER,2 KATE E. BENDALL,1 ELIZABETH
their signatures in mtDNA sequence patterns took place WATSON,4 BRYAN SYKES,1 AND HANS-JU¨RGEN
during the Pleistocene, startingÇ60,000–70,000 years ago BANDELT3
(Rogers and Harpending 1992; Harpending et al. 1993; 1Institute of Molecular Medicine, University of
Sherry et al. 1994; Rogers 1995). Oxford, Oxford; 2Heinrich-Pette-Institut and
We can test whether expansion times, t, in the various 3Mathematisches Seminar, Universita¨t Hamburg,
populations, as determined on the basis of the estimator Hamburg; and 4School of Biological Sciences, Massey
of Rogers (1995), are consistent with the ﬁrst appear- University, Palmerston North, New Zealand
ance, in the archaeological record, of agriculture (table
Acknowledgments1). First, note that the order of the expansion times
does not seem to correlate at all well with that of the We are grateful to TerryMelton, Antonio Torroni, and Peter
archaeological dates. Second, if we test the hypothesis Donnelly for critical advice. This work is supported by The
Wellcome Trust.that the unimodal pairwise distribution combined with
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